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SIGNIFICANT ACCOMPLISHMENTS TO DATE I N  FY-84 
I. Theore t ica l  development of t he  f i r s t  a n a l y s i s  model (Model I). 
The b a s i c  a n a l y s i s  equat ions ,  i .e.,  t h e  two hor i zon ta l  momentum equat ions,  
t h e  hydros t a t i c  equat ion,  and t h e  i n t e g r a t e d  con t inu i ty  equat ion w e r e  der ived 
f o r  t h e  nonl inear  vertical coordinate ,  non-dimensionalized, and expressed i n  f in-  
i te  differences on a staggered grid. Special care was taken t o  transform the 
h y d r o s t a t i c  equat ion and t h e  p re s su re  grad ien t  terms of  t h e  h o r i z o n t a l  momentum 
equat ions t o  near ly  e l imina te  t runca t ion  e r r o r  over s t e e p l y  s lop ing  t e r r a i n .  
This formulation also e l imina ted  e x p l i c i t  r e f e rence  t o  orographica l ly  induced 
v a r i a t i o n s  i n  t h e  thermodynamic v a r i a b l e s  so  t h a t  t h e  v a r i a t i o n a l  adjustments 
are on t h e  scale of the meteorological  per turba t ions .  
The a n a l y s i s  equat ions w e r e  subjec ted  t o  t h e  Euler-Lagrange opera t ions  as 
expressed f o r  f i n i t e  d i f f e rences  and an a d d i t i o n a l  set of f i v e  p a r t i a l  d i f f e r e n t i a l  
equat ions w a s  der ived,  br inging  t o  n ine  t h e  number of equat ions i n  Model I. 
Higher order  t e r m s ,  terms conta in ing  observed q u a n t i t i e s ,  and t e r m s  conta in ing  
none of t h e  v a r i a b l e s  t o  be ad jus t ed  were grouped i n t o  fo rc ing  func t ions  and the  
equat ions w e r e  solved f o r  t h e  zero-order terms. 
el iminated hetween t h e s e  equat ions and t h e r e  r e s u l t e d  two d iagnos t ic  equat ions 
which take  t h e  form of general  l i n e a r  second-order p a r t i a l  d i f f e r e n t i a l  equat ions 
wi th  non-constant c o e f f i c i e n t s .  These w i l l  be solved wi th  s tandard  r e l a x a t i o n  
methods. 
Zero-order v a r i a b l e s  w e r e  
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FOCUS OF CURRENT RESEARCH ACTIVITIES 
The major cu r ren t  r e sea rch  a c t i v i t y  i s  t h e  t r a n s l a t i o n  of t h e  Model I 
equat ions i n t o  computer code. This t a sk  has  been broken i n t o  f i v e  program 
modules t h a t  are small enough t o  f i t  on the Un ive r s i ty  o f  I l l i n o i s  CYBER 
computer. The f ive program modules con ta in  t h e  following: 
a. T e r m s  and equat ions t h a t  need be c a l c u l a t e d  only once, 
b. Equations t h a t  are c a l c u l a t e d  a t  one c y c l e  below t h e  
h ighes t  cycle ,  
c. Equations t h a t  so lve  3-dimensio1ia1, 2nd o r d e r  p a r t i a l  
d i f f e r e n t i a l  equat ions w i t h  nonconstant c o e f f i c i e n t s ,  
d. Equations t h a t  are a t  t h e  h ighes t  cyc le  level,  and 
e. Equations t h a t  monitor t h e  convergence of  t h e  method. 
I n  a d d i t i o n ,  an o b j e c t i v e  a n a l y s i s  of  t h e  3-h AVE-SESAME I d a t a  set 
covering a l l  o f  t h e  United States east of 105 degrees  w e s t  (except  f o r  New 
England) i s  underway. This a n a l y s i s  w i l l  serve as an independent d a t a  set t o  
compare wi th  t h e  output  from Model I. The a n a l y s i s  u ses  a modified Barnes 
method on a 4 0 x 2 5 ~ 1 0  g r i d  wi th  a h o r i z o n t a l  g r i d  spacing of 100 km and a 
v e r t i c a l  g r i d  spacing of  100 mb above 700 mb. The a n a l y s i s  i s  done on t h e  
nonl inear  sigma coordinate  s u r f a c e s  f o r  t h r e e  levels between t h e  s u r f a c e  and 
700 mb. 
PLANS FOR FY-85 
W e  p l an  t o  develop t h e  theory and computer code a second v a r i a t i o n a l  
o b j e c t i v e  a n a l y s i s  model (Model 11), and t o  complete t h e  performance a n a l y s i s  
o f  Model I. Model I1 w i l l  con ta in  t h e  energy equat ion as an a d d i t i o n a l  c o n s t r a i n t .  
PUBLICATIONS PREPARED SINCE JUNE 1983 
Achtemeier, G. L.:  An experiment i n  v a r i a t i o n a l  o b j e c t i v e  a n a l y s i s  f o r  a 
l i m i t e d  area wind f i e l d .  Accepted with r e v i s i o n s  by J. Atmos. and Oceanic. Tech. 
Achtemeier, G. L . ,  Ochs, H. T.,  and S.  Q. Kidder: A d i a g n o s t i c  numerical model 
f o r  t h e  a p p l i c a t i o n  of  sa te l l i te  d a t a  f o r  t h e  s tudy  o f  g loba l  weather systems. 
To be presented at t h e  Conference on S a t e l l i t e  Meteorology/Remote Sensing and 
Applicat ions 25-29 June 1984. 
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